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BEST AVAILABLE COPY 



^ (54) TOle: CATALYST FOR POLYMERIZATION AND COPOLYMERIZATION OF ETHYLENE 

(57) Abstrec^. A solid titanium complex catalyst for polymerization and copolymerization of ethylene is prepared by the process 
^5 comprising: (1) preparing a magnesium solution by reacting a halogenated magnesium compound with an alcohol; (2) reacting the 

magnesium solution with an ester compound having at least one hydroxyl group and a boron compound having at least one alkoxy 

group to produce a magnesium composition; and (3) producing a solid titanium catalyst through recrystallization by reacting the mag- 
J2 nesium composition solution with a mixture of a titanium compound and a haloalkane compound; and optionally reacting the solid 

titanium catalyst with an additional titanium compound. The solid titanium complex catalyst for polymerization and copolymeriza- 
Q tion of ethylene according to present invention exhibits high catalytic activity and can be advantageously used in the polymerization 

and copolymerization of ethylene to produce polymers of high bulk density, narrow particle size distribution and small amount of 
^ fine particles. 
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CATALYST FORPOLYMEMZATION AND COPOLYMERIZATION OFETHYLENE 
Technical F!dd 

5 

The pteseot invecdiQii idates to a catafyst for polymedzatiQa and copdfyxnssiza&cax of edQieae^ 
Moi6 particulady, ttie inveaitiQa telates to a solid titanhim coirplex catalyst for polymedzation aid 
copolymedzalian of etbyieoe. Embodiments of ibe catalyst system include a solid titanium cootrplex 
catalyst si^jpoited on a carrier contaimng magnesium, llie catalyst m^displayhigjbtcatafydc activity 
10 andcanpioducepolynaiQisofU^buIkdeosit^^ size distdbutioii and small amount of 

fine particles. 

Backgnmnd Art 

1 5 The polymedzation of elli>lene is usually carried out in liquid phase in lbs pieseaice of a solvit 

such as isopentane or hexaiie, ca* in fte gas phasa Ihe inqxtrtant fectors affecting the polymerization 
in these processes are: polymerization activity and hyiogen reactivity of the catadysl, bulk density of 
the tesulting polymers, the amount of monomers soluble in the sobtion, particle size distribution, and 
the existence of fine particles in the resuhhig polymiQ^ 

20 

Recently, many mediods nsirig titaniunorbased cataly^ 
as a catalyst for polymerization and copolymerization of olefin. These catalysts may provide 
catalytic ac6vity and produce polymers of hig^ bulk density, and are known to be suitable for liquid 
phase and g3S phase polymerization. 

25 

For example, in using a magnesium solution to obtain a catalyst which may produce 
olefin polymers of high bulk density, the magnesium solution is prq)ared by reacting 
magnesium con[q)ounds with an electron donor. Electron donors include alcohols, amines, 
cycUc ethers, or organic caiboxylic acids. The magnesium solution is prepared in the 
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presence of a hydrocarbon solvent A magnesium supported cstslyst may be prepared by 
reacting the magnesium solution with halogen conq)ound5 such as titanium tetrachloride. 
Methods using an alcohol to prepare a magnesium solution are disclosed in US Pat Nos, 
3,642,746, 4,336,360, 4,330,649, and 5,106,807. Also, US Pat Nos. 4,477,639 and 
5 4,518,706 disclose a method which uses tetrahydrofiiran or a cyclic ester as the solvent for 
dissolving the magnesium confound. Although these catalysts may produce polymers of 
higji bulk density, the catalysts need to be improved regarding catalytic activity. Moreover, 
the polymers produced by using the above catalysts have broad particle size distribution and 
contain many fine particles, which can be serious defects in the manufacturing process or 
10 treatment 

To in5)rove these problems, US Pat No. 4,311,414 proposes a method for preparing a 
catalyst that can produce polymers with narrow particle size distribution and inqroved 
average particle size by blast drying magnesium hydroxide. Also, US Pat. Nos. 3,953,414 
15 and 4,111,835 report the preparation method of cataljret that can produce polymers of 
spherical form and very large average particle size by blast drying magnesium dichloride 
hydrate. These methods, however, require additional equipment such as blast drying 
apparatus and the prepared catalyst has low catalytic activity and the resulting polymers 
contain very large particles making the melting process of the polymers difficult 

20 

Therefore, there is a demand for catalysts for polymerization and copolymerization of 
ethylene which may be prepared by a simple process, have higji polymerization activity and 
hydrogen reactivity. In addition, there is demand for catal}^ which may produce polymers 
with narrow particle size distribution and small amount of fine particles. 

25 

Disclosure of the hivmtion 

The object of ths present invention is to solve 4ie problems of prior art medKxls as mentioned 
above, and to provide a catatyst for potymerization and copolymerization of eAr^esxi. More 
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particularly, flie object is to panovide a novel catalyst vMdi has hi^ catalytic activity as leqtnied in the 
polymedzation and copolyamzation of eAsyims to affi>td hi^ bulk density, narrow particle size 
distdbution and small amount of fine particles to tiie resulting polymeis. 

Detailed Description of the Preferred Embodiments 

M an embodiment, a catalyst for Ifae polymedzation and copolynnaization of dbjdene, vvinchhas 
hi^ catalytic activity, aid roiy produce potytnas of high bulk density, narrow particle si2» distribution 
aod sman amoimt of fine particles, iiiay be piq)arGd by tiie process coiip^ 

(1) prq)aring a magneginm solution by contacting halog^iated m£^;Desium compound with an 
alcohol; 

(2) reacting tiie magnesium solution wifih an ester coiqx)nnd having at least one hydroxjl groi^ 
ami aboron conqx>mKi having at least one aDox^iy gtoijp to produce a magnesium composition solution; 
and 

(3) producmg solid titanium catalyst by reacting tiie m^gnesmm con^x^sition solution wib a 
Tm-yture of titanium cnmpnunti and haloalkmie compaund- 

Ibe process for prq)aring a catalyst for po^medzation and copolymerization of e^Qdene can 
optional^ finlbear comprise: 

(4) reacting tlie solid titanium catalyst with an additional titanium con^und once or more. 

The process for prqjaring the catalyst for polymaization and copotymerization of diiylme will be 
describedbelow in more ddaiL 

A noagnesium solution is prq)aredby contactiiig halpg^iated magne 

hi one anbodiment, tiie magrtesium con^und may be a halog^nated magnesium compound, 
l^es of halogqnated rnagnesmm conpoiinds used in tii^ 

dihalogenated magnesium confounds such as magnesium chloride^ magnesium iodide, magnesium 
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fluodde» and magnesiuin faromid^ atk^biagoeshim halide oon:;x)unds such as medi^jmagnesiuni 
faalide, eOi^^iDagiQesium halide, pFop^tnagaesiuni halide, bui^magoesaitn baHde, isobut^magoesiinn 
hahde, he^^toiagDesium haiUcfe, and aco^^magaesiuni halide^ alk0?cytriagaeshim haUde cQOopounds 
such as meflioxymagqesann haUde, efiio:}^magaeshiin halide, isopropoxymagaesiuin halide, 
butoxytDagnesiiiin halide and octD:?Qanagnesium halid^ and ai}ioxynaagnesiinn halides such as 
phenoxynoagiiesann halide and nietiQ^enDxymagpesiuni haUde. These magnesium coo^Miinds 
ma/beusedinasmg^ecQnopoundor asamixl^ Furtfaer, flie above 

magnesium coirpounds can effective]^ be used in Ifae foma of a conoplex: conq)ound with olfaj^ metals. 

Other magnesium con;x}un& inchide conopounds tbat ca^ 
occur dq)endiDg on &e pnxluctim i}3efl)^ 

mixture of magnesium cont^XTunds. For exan^le, the Mowit^ compounds may be used as a 
magnesium conqxiund: such con^unds obtained by reacting magneshim compouod wifli 
polysQoxai^ cQn^iound, alane coiiqx)und containmghalp^ ester, or alcohol; and such con:;x>und5 
obtained by rextmg metal magneshim wiSti alcohol, pliesQol or dBase in the presesnce of halosilane, 
phosphorus pentacMoride, or ftiorr^ chlodde. 

In some einbodknmts, ib& magnesann cGnq)ounds may be magnesium haHdes, especially 
magnesmm chlodde or alkjdmagneshim chlodde^ having an alkjd ffovp with MO cadxm atoms; 
alkoxymagneshm cfaloddes, having an alkoxyg]Dai^\vi& 1'>'10 carbon atoms; and ar^doxymagneshim 
cUcddes, havii^ an atjioxy gtoi^} with 6 ~ 20 carbon at^^ 

The magnesium solution used may be prq>ared as a solution by dissohdng flie magpeshnn 
conqx>und into an aIcolH>l in the presence or in the absence of a 1^^ 

The types of hydrocarbon solvents used in die present invention vaay be al^dQatic hydrocarbons 
such as pentane, hexane^ heptane, octanci, decane, aiKl kerosene; ahcyclic hydrocarbons sudi as 
cj^lobenzene, meSx^cyclobenzene, cycbhexane; and med^cyclohejcan^ aromatic hydrocarbons such 
as benzene, toluesoe, x^lenei, edi^benzene;, cumene, andcymene; aiKlhalogenatedliydrocaibons sudi as 
dichloroFaioparies, dichlozo^i^enei, tddiloroedQieaie, carbon te&racModde^ and cUorobenzme. 
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Ibe preparation of a niagqesium soMon fiom amagiaesiurQ cooopoiiiidniay be earned out using 
an alcohol as a solvent in fbe pEresence or in die absence of hydrocarbon solmit such as meaxtioned 
above. Ihe types of alcohol may include alcohols oonlairmig K20 carbon atoms, such as medianol, 
eflbanol, piopaiK)l, butanol, pentanol, bexanol, octanol, decanol, dodecanol, octadecji alcohol, heaazyl 
alcohol, pheajdeft^d alcohol, isopropjl ben^ alcohol, and cuni^ alcohol, and Ihe prefeable^alcohol 
may be chosen fiom alcohols containing 1~12 carbon atoms. 

Ihe average size ard particle size distnbution of ^ obtairied ca^^ 
amount of alcohol used, 1bQ type of magnesium conpound, andlfae latio of magnesium compound to 
alcohoL The quantity of akobol used to obtain the magnesium sohdon is at least 0^ mol, or may be 
about 1.0 - 20 mol, or moreparticulady about 2,0 - 10 molper one mole of magnesium conqwunds. 

During tiie preparation of a magnesium sohitioD, flie reaction of a magnesium conqx)und and an 
alcohol may be carried out in the presence of a hjdrocarboiL Ihe reaction tenaperature; fhoi^ may 
vary dq)aiding on Ihe type and aiiMnint of alcohol 

about -10 200°Q or more preferably about 0 150°C. The reaction time may be about 15 nrimites 
to 5 hours, orpiefeaably about 30 minules to 4 hours. 

The rnagnesium solution prq>ared in step (1) riiay be reac^ 
least one bydn>x>d groiq) as an electron (tenor, and boron coaq)ound having at least one alkoxy groip to 
form a inagpeshim composttion solution. 

Amorig flie electron donors , the esta* compounds having at least one hydroxjd group include: 
unsaturated alq)hatic acid esters having at least one hydrox}! group, such as 24:QdrQxyetirylaci)iate» 2- 
hydroxyedi>to^iacr)4ate, 2-4iydroxyprop>4acr)4atei, 24Qdro5iyprop)taethacr5fele, 4- 
iQdroxj^Tutjdacarjdate^ pentaeryftnitottriaca^dat^ alqithatic monoestexs or po^^nesteis each havipg at least 
onehydroxjigroiq), suchas24iydraxyeft]54acetates,mdi]^-3-l^^ ediji-34iydroxybu^date, 
me^lbylrl^sydr^^ ^yi-2-hydroxyisobut>late» ineflij4-3-lydroxy-2Hoaeai>^)K)piQnalB> 2,2- 
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dimedi)i-3-l5^xypropiao^ ^ijd-^l^diDjqjiexanoate, lAsatyL-Zisyd^ dieflbji-S- 
]xydiox}^^utaiatei> etbyllactate^ ispprop^lactate, bii!)4isobut)dlactate, isobutjdlactate, dSs^mrnddato, 
^dixyLdSbyhaitat^ dtyitatixabd, dibu^tartrate^ didhyidtrate^ trie&yicitrate^ edi}i-24iydrQxyK:^pioate, 
die&jl to-<hydraxymeflQ^^ aromalic estere having at le^ one hjdroxjl gpoijp, such as 2- 
hydrojQreflij^beozDalse, 2-lrydraKyEdr5^salic3tete^ rndb^-A-Qsydsxi^^ mdisyl^ 
hydroxybaizDatE, €di)i-34iydro3qtoai2Date, 4-inefli)dsaUcjiatB, ediylsalicjiate, pheiQisalicjiate, prqpji- 
4-Iiydtoxybeiizoate, pheii^-3^ydrDxynaph1ha33oate» rxKmodih^ws^yoQlixiD^ 
dieflijienegtycolmDnobe^ trie1irjden^Jyc»linoiM)bQi^^ and aJicyclic esters having at least one 
h^^dro^ gp>^> sudi as hydroxybut^actone. 

The amount of the esta: con^xHind havfaig at least one hydrojQi groi?) is 0.001 ~ 5 mol, or 
preferably about 0.01 --2nQol,paronemoleofncMgiKsium. 

As a baron conapound having at least one alkoxy groi;>, \^ch is used as anotba: election donor in 
step (2), the conqwund represented by fte gpneral fonnula of BR n(OR^ (wherein is a 
hydrocaibon havfaig 1-20 carbon atoms, or habgqo, R^ is a hydrocarbon having 1-20 caibon atoms, n 
is an int^g^betv^^een 1 and 3) niay be used in some embodi^ 

For example, Ihe following conopounds may be used: timedQdborate, tiieSi}jborate, tiibut>4boxa!e, 
tdpheiQjboiate, melbyiborQndiedioxide^ eAjiboxondieAioxide, e&}lborondibutoxidei, 
butjlborondibuttioxide, phoi^boDondqpiheDoxidei, didbydboranefiioxide, dibut^dborondhoxide, 
d;)heii)lboiQiq]henoxide^ dieflK}xyborcincfaloride» diedio^Q^borooDbiomicte, d^p}]m)xyborocichloride, 
eflKix^boTDndidbloride, edKixyboromiibromide, bufhoxyborondichloride^ ph0tu>xyborondichloride and 
elfajdedioxytKHODchlodde. 

The amount of Ihese coffpound may be about O.OS-Smol, or prefaably about 0.05~2mol per one 
mole of magneshnn. 

Ihe ^ipropdate tooperature for tbe leacdon of the n[iagDesium solution, Ihe estea: compound 
haviiig at least one hydrojqd gtoiq), and Ihe aSkmy boron coapound is about 0 100**C, or more 
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psrefaably about 10 - 70°C. 

Catalyst particles may be recrystallized by treating the magaesium solution prepared in 
step (2) with a liquid mixture of a titanium compound represented by the general formula of 
5 'Ii(0R)aX4-a. (wherein R is a alkjd groiqp having 1--10 carbon atoms, X is a halogen atom, 
and "a" is an integer between 0 and 4) and haloalkane. 

Examples of titanium compounds which satisfy the above general formula are: 
tetrahalogenated titanium such as TiCU, 'nBr4, and TiU; trihalogenated alkoxytitanium such 
10 as 11(0013)03, Ti(OC2H5)Cl3, Ti(OC2H5)Br3, and Ti(0(i-C4H9))Br3; dihalogenated 
alkoxytitanium such as Ti{OCih)2Cl2, 'n(OC2H5)2Cl2, ri(0(i-C4H9))2Cl2 and H(OC2H5)2Br2; 
and tetraalkoxytitanium such as Ti(OCH3)4, 11(002115)4, and Ti(OC4H9)4. A mixture of the 
above titanium compounds may also be used. The preferable titanium con^wunds are those 
containing halogen, or more preferably titanium tetrachloride. 

15 

The haloalkane compound may be a hydrocarbon conq)ound having 1^-20 carbon atoms, 
and this compound may be used alone or in the mixture of two or more of the above 
coiiq)ounds. 

20 Examples of haloalkene conq)ounds include: monochloromethane, dichlorometiiane, 

trichloromethane, tetrachloromethane, monochloroethane, 1 ,2-dichloroethane, 
monochloropropane, monochlorobutane, monochloro-sec-butane, monochloro-tert-butane, 
monochlorocyclohexane, chlorobenzene, monobromomethane, monobromopropane, 
monobromobutane and monoiodemethane. The preferable haloalkane compound is 

25 chloroalkane con^und. 

The qipropriate amount of Ihe mixtine of a titanium compound and a silicon con^und used in 
reaystallization of a magnesium sohilian is about O.l-^OO mol, or preferably about 0.1~100 mol, or 
more pcefbiably about 02~80 rrxA per one mole of magnesium conqxjund. Ihe mixing molar ratio of 
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ftie titanhini campound to flie silicon compound is apptoximatety 1:0.05 ^ 0.95, or more preferably 
about 1:0.1 -0.8. 

When &e nfiagncsiuni conq)ound sohjtion is leac^ 
5 a siUcon conopound, &e shape and the size of tiae leccystaOized solid matter conqponeots gceady depend 
on the leactioii conditions. 

So, in order to control fee shape of fee particles, it may be preferable to produce a solid matter 
composition by reacting fee magnesium conpound solution wife a mbcture of a titanium ccirpound 
10 aiKi a silicon confound at a sufiBdentfy low ten:q)acature. Tlie reaction ten:;}€a:ature may be about - 
70--70°C, or more preferably about -5(>-50°C After fee contactnieaction, fee reacting ten?)ei^^ 
slovvdy raised so feat suflBderat reaction is carried out &r the duration of a^^ 
-150^C. 

1 5 The particles of solid catalyst obtained by the above descrqjtian mssy be ferther reacted wife an 

additional titanium conqx)und. Ibe titanium conipound used may be titanium haHde or habgo^ated 
alkoxy titanium wife alkoxy functional gro^p having 1-20 carbon atoms. Whoi ^apropriatei, a 
mbcture of these con^unds can also be used Among feese compounds, titanium halide or 
halog^oatedaliasxytitaniumwifealko?^ l^carbooa atoms is q)propriate^ and 

20 iiiorepreferablecoiipoundis titanium tetrahaUde. 

Tbe catalyst prqsared accordiiig to fee process described bfii^ 
ccpolymmzation of efejdene. Jjx particular, fee catalyst can be advantageously used in homo- 
polymerization of efejdene^ and also in copolymmTation of cdqiepe and a^ha-olefins having tiiree or 
more carfxm atoms, sudi as propjdene;, 145UtEne» l-pentene, 44nefej4-l-perteiei, or liexena 

25 

The polymerization reaction using the catalyst described herein may be canied out by using a 
catafyst system, which coixpises: (J) a solid titanium coax^lex catalyst described harein including 
noagoeshim, titanium, halogqu, and an dectron donor; and (S) organometallic cQnq)oui»3s indudiag 
metals in Groi;)s II or III of fee Periodic Table. 
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The orgsnometalUc ojnpou^ 
is a metal comjxjiiQit in Group II or WA of flie Periodic Table, such as magoeaum, calcium, zinc, 
boron, aluminum, or g3llium, R is alkjigroip 
5 hfixjd, odjd, or decji and n is fte atomic valoice of the above metal con^xHifiot Bi some 
enibodimeots, ^ org^iiomjetall^ catbon 
atomSy such as trieft^ahimimim and triisobutylahiminiim, or mixture Hiesieof Wbsn ap|iropdate^ Ifae 
oig^noaluminmn con^und having one or more of halo^ns or bydnde groi^ps, such as ethydahiminum 
dicUoridei^ dietirydahiminum ddoride, edijMuminum sesqmdiloiide, or diisobu^Muminum hydride 
10 can also be used. 

Tb& soHd titanium conplex catalyst ccnqponent described herein can be prepolymerized with 
efli>4ene or a^harolefin before using in Ihe polymsization reaction. The pr&polymerizatinn can be 
carded out in the presence of hydrocarbon solvexit such as hexane^ at a sufficieaitfy^ low tempeaiiture^ 
1 5 uoder fhe pressure of edi>iene or alpharolefin, and in die presmce of Ihe above catalyst component and 
org^Doahirrmium conqpound such as tcieth^umiriutn. The pr&polymerization, by maintaiaing ^ 
sh^ of catalyst by surrounding the catalyst particle widi polymexs, is useful in enhancing tiie shapes of 
polymers afier pofymerizatiorL Hie wdg^ ratio of pofymer to cata^ after pr&po^msization is 
usuaify about 0.1:1 -20:1. 

20 

Ihe polymerization reaction can be carded out by gas phase polymerization or bulk 
polymerization in the abssice of an organic solvent, or by liquid shmypolymerizatian in the presence 
of an organic solvent Tbese polymerization methods, however, may be carded out in tibe absence of 
oxygen, water, and other conqwunds fliat may act as catalytic poison. 

25 

In some oxibodimeots, Ifae concentration of tire sotid titanium conoplex cataljst (I) in the 
polymerization reaction syst^ in liqmd piiase shmy polymerization, is about 0.001 ~ 5 mmol of 
titanium atom, or more preferably about 0.001 ~ 0.5 mmol of titanmm atom, p^ one Htor of solv^ 
As a solvent, the Mowing oon^imds or flieir inixture can be us^^ 
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hq}tane, nK)ctane, isooctane, cycloheKane and meflijicycloheKanj^ aDcj^aromatic oonpoimds sudi as 
toluQie, xjdene, disyfbwzexie^ isoprapjiboizme, eflgitDhieQe^ r4Jrop>ibQizaie and dieflqibenzene; 
and Mediated arooiatLC coirpounds sudi as diloiobei]zeae» cUcxronqMialene and ortho- 
dichloxobenzene. 

5 

In Ifae case of g^s phase polymerization, flie quantity of tiie solid titanfum conq>lex: catalyst (I) is 
alx)iit 0.001 ~ 5 mmol of titanium atom, pETC?^^ 

prefegraibly about 0.01 ~ 05 mmol of tftanium atooi, per one lita- of the polj^^ The 
ptefcEcable ooncailratioiiof tiie organon^telliccogyCTmdfflis about 1 -2,000 iik)1 of alunnnumatom, 
10 ormrareprefaablyaboutS'-SOOnaolofdra 

To Qisure a high reaction vdodty of polymerizatian, the polynouerization reaction may be canied 
out at a sufiSdenfly high teatEpecature, regardless of the polynaerizatioa process. Generally, an 
^popriate tBn:5)e3rature is about 20-200°C, or more prefeabty about 20-95^C. The ^ypropriate 
15 pressure of monomers duriiig polymerization is MOO atm, ormarepreferabfyabout 2r- 50 alnx 

Examples 

The following examples are included to demonstrate certain embodiments. It should 
he appreciated by fliose of skill in the art tiiat the techniques disclosed in the exanples which 
20 follow represent techniques discovered which function well in the practice of the disclosure 
herein. However, those of skill in the art should, in Ugjit of the present disclosure, 
q)preciate that many changes can be made in the specific embodiments which are disclosed 
and still obtain a like or similar result without departing from the spirit and scope of the 
invention. 

25 

Bsanplel 

Prqmation of a solid titanium complex catahst 

A solid titanium conplex catalyst ooopment was prepared in the Mowing manner. 
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CD: Preparation of a maggeshm sokitioga 

19.Qg^of MgCb and40Qm/of decanewero equqjped 
with a mechanical stirrer ami was pu^^ Afier stfanpg at 700 ipm, 120^7 

of 2-eth>i hexaool was added and fbo reaction was earned out for tiitee hours at the imspexabsre of 
5 120°C ThelKMno^eous sohitianobtainedbytiieieactionwas cooled to toonateti5)eralure(25°C). 

fiiV Contacting ftte magnesium solution wifli ester having a hvdroxvi group, and aBcoxy boion 
compound 

To tiie magcffisiiim oonqjound soMon prepared in (I), is cooled to 25*^C, 12m/ of 2- 
1 0 hytoxyelhjdrnefliacrylate and 5 . 1 m/ of trimeflqflxjrate were added, ard Ihe reaction was carried out fir 
an hour. 

fiii) and fivV Treatmait wifli a nrixture of titanium compound and haloalkane mmpfnimd^ and 
treatmsot with titanium compound 

15 After setting the teaiq)eiBturo of the solution 15^ a solution ofa mixture of 

40 ml of titanium t^rachloride and 40 m/ of tetocUoroniethane weie drijjped thereto for an hour. 
After coDDpletirig the dr^jping process, flie temperature of the reactor was raised to l&'C for an hour and 
maiatained at that ten^jerature for an hour. Afier stirrings the si^pematant Hquid of tiie solution was 
ranoved, andSOQm/ of decane and 100ml of titanium tetrachtoride were added to tiie remaining soKd, 

20 consecutive^. Then, the tempeiaturc was raised to 90°C and maintained for two hours. Then the 
reactor was cooled to room tsrpeiature and was washed wifli 400mZ of hexane until fiee titanfam 
tetrachloride remaining unreacted was conpletely renK>ved. The titanium content of tiie prepared 
solid catafyst was 3.7 %. 

25 Polymerization 

A 2 liter hi^ pressure reactor was assestnbled i^iiile hot after drying in an oveo. By purging the 
reactor with riitrogqi and evacuating tiie reactor altemati 

atmosphere. Then, l^OOQm/ of rthexane was introduced, and b&ex introduckg Immol of 
trielh^aturrnninum and soUd titanium conplex catalyst of 0.02mmol titanium atom, 1,000m/ of 
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hydrogptt was added The tenpaatureofte reactor was rai^ 

a stiirear and &e pressure of etbjdene was set to SOpsi, and flie polymerization was carded out fin: an hour. 
Ajfto: file polytnedzation, the tenq^erature of the reactor was lowered to room ten^perature, and 
excessive amount of ethanol solution was added to the polymedzed substance. The polymers 
5 produced were sq^arated and collected, and dried in a vacuum oven at 5(fC fin- at least six hours to 
afford polyelhjdaQe in flie form of \^diite powder. 

Evaluation 

The polymerization activity of the catalyst was calculated as Ihe weight ratio of tiie polymos 
10 pix>duced(l^ to catalysts used (g), and tiiehuk 
and the results are shown in Table 1 . 

Also, to evaluate hydrogen reactivity, wiiich is the extent of change in molecular wei^ of 
produced polyniers in accordance as file amount of used 
15 by the rDeflK)d prescribed in ASTMD 1238, and flie results are sh^ hi gaieral, mdt 

index becomes lat]^ as the inolecular weight is smaL 

Exam plft^^ 

A catalyst was prq^ared in Ihe same wa^ as in examph 1 excq>t ftiat 12ml of 2- 
20 hydroxyed^fenefl3a(ajiateand7.7/w/oftrinaefl^^ The titanium contait of 

tiiepr^)ared catalyst was 3.4%. Po^tnedzation was caniedoiit by using this catat)^ in the sani^ 
as in Gxmsplo 1 , and the results are shown in Table 1 . 

Examples 

25 A catalyst was prqsared in the same way as in exanq)le 1 except that 12ml of 2- 

l^droxyetfa^toethacryiate and 7.6m/ of trietiQ^borate were used in step (li). The titanium conteait of 
tiie prepared catalyst was 3.5%. Polymerization was carried out by using flus cata^ in tiie same way 
as in €3can;>le 1, and the results are shown in Table 1. 
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Example 4 

A catalyst was prepared in the same way as in exanple 1 except lliat I2ml of 2- 
hydixsxydiiybxis&ac^^ and 11.4m/ of trieflryJbostate were used in stq) (if). The titanhim content of 
fee pEpared catalyst was 3 .4%. Potymeiization was carded out by using flns catalyst in flie same way 
5 as in exaii9>le 1 , and the results are shown in Table 1 . 

Examples 

A catalyst was prq)ared in the sanoe way as in &xarnplG 1 excq>t fliat I2ml of 2- 
l^droxyefhjtorfhaci^toe arid 12Jm/ of 1r^^ Ibe titanium contait of 

10 1faepcq)ated catalyst was 3.9%. Polynioization was carried out by using feiscatalj/st in fee s^^ 
as in exanq)le 1 , and the results are shown in Table 1 . 

Example 6 

A catalyst was prq>ared in fee same way as in exan^le 1 excqit feat I2ml of 2- 
15 hydroxyedQdniefeacrjdate and 182m/ of ti^ The titanium oontQit of 

fheptq)arBdcata^was 3.9%. Po^mm zation was carried out by using feis catalyst in fee same way 
as in example l,andtheresults are shown in Table 1. 

Example? 

20 A catalyst was prepared in fee same way as in example 1 except feat IJml of 2- 

Iqdroxyi^jtaie&acrjdalB and 11.4m/ of trieti^ibarale wexe used in step (ii) as a electron donor, and 
4Qm/ of titanium tetoachlaride and 20ml of tetracUoiomefeane were used in step (m), Ibe titanium 
cantoitoffeepcq)aredcatatystwas4.0%. Potymerization was carried out by rising feis catatyst in the 
sariie w^ as in exan:q)le 1, and fee results are shown in Table 1. 

25 

Examples 

A catalyst was prepared in the same way as in exarr?)le 1 excqjt feat IJml of 2- 
hydroxyefejimefeao^date and 11.4m/ of tridh^borate waie used in stqp (iQ as a electron donor, and 
20m/ of titanium tetrachloride and 40m/ of tetcadilorQmefeane were used in step (jii). Ibe titanium 
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oonlEDt of the ptqjaned catalyst was 3.3%. PolymiOTTation was carried out by using fins catalyst in Ihe 
same way as in wanoplo 1 , and the results aie shown in Table 1 . 

Comparative Example 1 

5 A cata^ was prepared in Hie same way as in exan^le 1 except that in st^ (ii), 2- 

hydroxyedqteoefiiaajlate and trinoethylborate were not used The titanium conteait of flie prepared 
catatyst was 3.9%. Polymmzation was carried out by using fliis catalyst in the same w^ as in 
exan^le 1, and the results are shown in Table 1. 

10 Comparatrve Example 2 

A catalyst was piq)ared in &e same way as in exan^le 1 except that in sbsp (ii), I2ml of 2- 
l^droxyedQdme&iacrjdate was used and tri The titanium content of the 

prqjared catalyst was 33%. Polymerization was carried out by using this catalyst in the same way ^ 
in exan;)le 1, axKl the results are shown in Table 1. 

15 

Comparative Example 3 

A catalyst was prq>arBd in the same way as in Gxamph 1 except that in st^ (iO» 2- 
hydroxyeflQfaii^iacrj^ate and trinielhjiboiale were not used and in step (m\ 60ml of titannim 
tetrachloride was used and tetachlorom^iane was not used. The titanium cantent of ftue pcepaaxd 
20 .cala^ was 4.1%. Polymerization was earned out by using Hm catalyst in tiie same way as in 
Gxmsple 1 y and the results are shown in Table 1 . 

Comparative Example 4 

A catalyst was prepared in tiie same way as in exanqde 1 except that in step Qi), I2ml of 2- 
25 hydroxye&i}toiediacr}4ate and 12.1m/ of trimettqdboiate were used and in step QS)^ 6Qm/ of titanium 
tetrachloride was used and tetracblorameSiane was mt used. The titanium content of Ihe prq)ared 
catalyst was 3.7%. Polymerization was carried out by using tins catalyst in the same way as in 
example 1, and the results are shown in Table 1. 
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Table 1 
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"^E: Exanople, CE: Coii;)arative Exawple 



5 As caa be seen in Table 1, Ibe catal^ for polymedzafion and copolyiii^ization of efiryieaie 

desoibed bearefal esdubits cata^ and 
Ibe polymers produced by Ae catalyst descdbed herein bave bibber bidk density. la addition, flie 
particle size distdbution shows fliat 80% or motre particles exist in the lan^ of ITT-SOO/m and the 
amount of fine particles are ve^ small Also, flie catalyst sbows bi^ leactivity to bydiog^ ^iuch is 

10 added to control nK>lecularwe3^ of po^inersdunngpol and provides pofymeis of bigb 

melt index. 



Industrial Applicability 

15 As descdbed in Hie ^)ecification, by using Hie catalyst in Ibe polymerization of ed^aie and in tbe 
copolymerizadon of ettryisie and olber alpbarolefin, polymers can be produced witbbigbyidd rate due 
to die hi^ activity of flie catalyst, and fteane may be no need of leanoving catalyst residua Tbe 
polymer produced by using ^ catalyst may ^ow excdl^ piqdcal propeaties sucb as fai^ bulk 
density and fiuidily, and narrow particle size distribution, h conclusion, Ibe solid titanium complex 

20 catalyst descdbed bo^ein is VGcyusefid as a catalyst for ^ 
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Further modifications and alternative embodimCTits of various aspects of the invention 
will be apparent to those skilled in the art in view of this description. Accordingly, this 
description is to be construed as illustrative only and is for tiie purpose of teaching those 
skilled in the art the general manner of carrying out the invention. It is to be understood that 

5 the forms of the invention shown and described herein are to be taken as the presentiy 
preferred embodiments. Elements and materials may be substituted for those illustrated and 
described herein, parts and processes may be reversed, and certain features of the invention 
may be utilized independently, all as would be q)parent to one skilled in the art after having 
the benefit of this description of the invention. Changes may be made in the elements 

10 described herein without departing &om the spirit and scope of the invention as described in 
the following claims. 
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Oaims 

What is claimed is: 

5 1, Acalal>^farpolymeri2atiQnand(X]i^ 

(1) pxpaxisig a magaeshim solution by leacttng a Mogqiated magDeshim cQtrp^und ^wilh an 
alcohol; 

(2) leactiDg liie magnesium sotulionwidi an esto: conpound handng at least one }Qdiox)4 gcoxip 
and aboioncon^und having at least one alkoxy gcoi^ to |nT)diK^ amagoeshim conposrtion sohitLon; 

10 and 

(3) piroducing a solid titanium catalyst by reacting Ihe magnesium composition solution wifli a 
mixture of a titaaium contqx)uiid and a haloal^^ 

Z The catalyst of clafan 1, ^^ile[e^n the ntielbod ftniha- con^]rises reacting the solid titanium catalyst 
15 with an additional titanium coa;x)und. 

3. The catalyst of claim 1, \^€a£in the ester compound having at least one iQndioxji gtoiqp is an 
unsaturated algsihatic acid ester having at least one hydiox}d groip, an ahphatic monoester or a polyester 
having at least one hydroxji group, an aromatic ester haviBg at least one hydioxyl ffoup^ or an alicyclic 

20 esterhaving a least one faydroxyi groi^). 

4. The catalyst of claim 1, \^erein flie boron con^und having at least one alkoxy group is a 
conpound represented by Ihe ^naal fbmraila of BR^ri(OR\n and M*erein is a hydrocaibon 
having 1~20 carbon atoms, orhalp^n, R^ is a hydrocarbon having 1-20 carbon atooas, n is an integer 

25 between land3. 

5. The catalyst of claim 1, T^^iexein Hie titanium conq)ound is rqire^xtedby tiie ^neral fomnda of 
Ti(0R)^X44,and^M4iereinRisaaIk^groiphaving 1~10 carbon atoms^X is a halogen atom, and a is 
anintegqrbetweoi 0 and4. 
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6. Tlie catalyst of claim 1, \^d}erem Ifae MoaQcane conpoinid is a hydrocarbon conqx)und which 
contains at least one halogm and has 1~20 caihoii atDii^ 

7. The catal>^ of claim l,\die3iemfl)eainoinitofftemKtuieofti^^ 

con:;)oiind is about 0.1~20Qma/p@r one noole of magnesium con^und, and "^^leiem Ifae mixing molar 
ratio of the haloalkane compound to &e titanium conqx)und is about 0.05-0.95. 

8. A mdfaod ofprq)a rin g a catalyst fi>r polymedzation and ccpolymedzation of edijienei, conpcising: 

(1) piq>anng a magnesium solution by reacting a halo^iated magnesium oaapound i^lfa an 
alcohol; 

(2) leacttDg Ifaye magnesmm solution with an esto: con^imd having at least one iQdrox)^ gEDif) 
and a boron conpoiind having at least one alkoxy group to produce a magnesium coniposhion solution; 
and 

(3) producing a soUd titanium catafyst by reacting fhe magnesium composition solution with a 
TfiiYtiim nf ft titanhmn mmpnnnd and a half>ailkane cnrnpnrmd. 

9. The method of claim 8, wheiein the mettKxl fiirtfaer conpjses reacting the solid titanium catalyst 
with an additional titanium coEOpound 

10. The mebod of claim 8, herein ttie ester conqx)und having at least one faydroxji group is an 
unsaturated alq>hatic add ester having at least one hydroxy group, an aliphatic monoester or a pol^^ester 
having at least one hydroxy gtoip, an aromatic ester having at least one hydroxjd groip, or an alicycUc 
ester having a least one h^droTQi gtoij^. 

11. The nadfaod of claim 8, whecdn fte boron conqxyund having at least one aSkoxy ffovp is a 
confound represented by the ge3na:al fbimula of BRV(OR^)4fl and wherem is a bydrocaibon 
having 1^-20 caibon atoms, or halogen, R^ is a hydrocarbon having 1~20 carixmatams^nisaninte^ 
betweml and3. 
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12. The meftiod of claim 8, wha?dn Ihe titanium canqwund is represented by flie general fiMmula of 
Tl(0R)aX4^ andMteeinRisaalli^lgroiphaving MO 
an integ^ betwem 0 and 4. 

5 13. The method of daim 8, wherein flie haloalkane conqwund is a hydrocaibon conqwimd which 
contains at least one halogeaa and has 1^20 caibon atoms. 



14. Tliemi^hodofclaimS, wfa£i:)^theamountof1^ 

corapound is about O-l-iOOtroj/per one mole of magnesium coirpound, and M^ianein the mixing molar 
1 0 ratio of the haloalkane con^nnd to the titanium con^und is about 0.05^.95. 
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